INTRODUCTION
Fusarium graminearum, beside F. culmorum, is the main causal organism of fusarium head blight (FHB) or scrib, a disease that leads to severe losses of yield and quality of cereal grain. During the development of FHB these pathogens commonly contaminate grain with mycotoxins deoxynivalenol (DON) and zearalenone (ZON) . These mycotoxins that can be the cause of health--threatening toxicoses (M a r a s a s et al., 1984) , represent at least two biochemical origins. ZON with the estrogenic activity in mammals is biosynthesized through a polycetidic pathway, while 8-ketotrichothecenes DON and nivalenol (NIV) are derived from the condensation of three mevalonate units (B l a c kw e l l et al., 1985) .
F. graminearum isolates can be broadly divided into two chemotypes based on the production of host specific virulence factors DON and NIV (I lg e n et al. , 1997) .
There are only a few reports about simultaneous presence of DON and ZON in Serbian crops (J a j i ã et al., 2007; B a g i et al., 2008) . In order to determine the occurrence of DON and ZON, this study was carried out with F. graminearum isolates cultivated on different substrates under laboratory conditions.
MATERIAL AND METHODS

Microorganisms.
Two isolates of F. graminearum were under present investigation. Isolate D2, originating from air, was obtained on Sabouraud medium during a routine control of laboratory sterility conditions at the Department of Microbiology of the Center for Bio-Ecology in 2006, and control isolate GZ-LES, a well known producer of DON and ZON (J a j i ã et al., 2007), was isolated from maize kernel collected at Leskovac in 1975. Stock cultures of the fungi were maintained on the potato-sucrose agar at 4-6°C.
Preliminary analysis of fungal potential to produce deoxynivalenol (DON) and ZONralenone (ZON) were performed according to the rapid screening method of F i l t e n b o r g et al. (1983) modified by B o å a r o v -S t a n å i ã et al. (in press) on the following media: YESA (2% yeast extract, 15% sucrose and 2% agar, pH 6.5), YESA Zn (2% yeast extract, 15% sucrose, 0.23 mg/l ZnSO 4 x 5 H 2 O, and 2% agar, pH 6.5), PPSA (2% peptone-1, 5% sucrose and 2% agar, pH 6.5), PPSA Zn (2% peptone-1, 5% sucrose, 0.23 mg/l ZnSO 4 x 5 H 2 O and 2% agar, pH 6.5) and PDA (potato-dextrose agar, pH 6.9).
Liquid media and conditions for the toxin production. The F. graminearum isolate D2 and the control isolate GZ-LES were grown in the yeast extract-sucrose broth (YES, pH 6.5) (S a m s o n and v a n R e e n e n -H oe k s t r a, 1988) as well as in yeast extract-sucrose medium supplemented with 0.23 mg/l ZnSO 4 x 5 H 2 O (YES Zn , pH 6.5) (M ü h l e n c o e r t, 2004). Both media (YES and YES Zn ) contained 2% yeast extract and 15% sucrose. Media (250 mL each) were poured into 500 mL Erlenmeyer flasks and were inoculated with five fragments (5 x 5 mm) of the fungus, that were grown on po-tato-sucrose agar (PSA) in Petri dishes at 27±1°C for seven days. After inoculation of the media, the Erlenmeyer flasks were kept stationary at the room temperature (17-19°C) for 14 days. The pH value was measured after cultivation of the isolate. The samples for the analysis were taken every week during the cultivation period. All cultivations were performed in two replications.
Solid media and conditions for the toxin production. Both isolates of F. graminearum were grown on wet (>45%) sterilized maize and rice kernels (50 g per Roux bottle). Each substrate was inoculated with five fragments (5 x 5 mm) of the fungus that was grown on the potato-sucrose agar (PSA) in Petri dishes at 27±1°C for seven days. Inoculated maize samples were cultivated during a 4-week period under room (17-19°C) and chamber (27±1°C) conditions. On other hand, during 14, 21 and 28 days the inoculated rice samples were cultivated under room (15-23°C) and chamber conditions (27±1°C). All cultivations were performed in two replications.
Determination of fusariotoxins. Qualitative and quantitative DON determinations in filtrates of fungal cultures were carried out by applying the thin-layer chromatographic (TLC) method developed by C v e t n i c et al. (2005), and ZON after B o å a r o v -S t a n å i ã et al. (2003) . In accordance with these methods, liquid cultures of fungus were filtered after a stationary cultivation. Furthermore, after the cultivation on maize and rice kernels, the samples were dried for 24 h or more at 60°C, until constant weight was achieved. After a pulverization of dried samples, the DON determination was done according to the TLC method of P e p e l j n j a k and B a b i ã (1991), and ZON after B a l z e r et al. (1978) . Thin-layer chromatography was performed with toluene/ethyl acetate/formic acid developing saturated solvent (5:4:1, v/v/v). Only in case of the ZON, determination in benzene/glacial acetic acid developing solvent (90+10 v/v) was used parallely. After developing plates and air drying in the dark fume extractor the plates were examined under long wave UV light (366 nm). DON and ZON were visualized by the use of 20% AlCl 3 in 60% ethanol. All analyses were done in three replications.
RESULTS AND DISCUSSION
Results of the present investigation are shown in Tables 1 -4 
Legend: n.a. -not analyzed; -not detected; + low intensity; ++ moderate intensity; +++ high intensity; ++++ very high intensity
Screening of the fusariotoxin production under different conditions of fungal cultivation in vitro (Table 1) revealed that only F. graminearum GZ-LES had the capability to produce DON. The biosynthesis of this type B trichothecene was observed in almost all cases at higher temperature (average 24.9°C). The exception was cultivation of this isolate on PPSA Zn when DON was recorded after prolonged cultivation (28 days) at lower temperature (average 19.0°C). Dynamics of the DON production was as follows: early detection (after 7 days) on PPSA Zn , after 21 days on PPSA, YESA, and YESA Zn , and after 4 weeks on PDA.
ZON was biosynthesized on agar media by both tested isolates of F. graminearum isolates (Table 1) but under different cultivation conditions. PDA was not applicable for testing the ZON production. ZON was observed on PPSA Zn and PPSA after 2 weeks of D2 isolate cultivation, regardless of the applied temperature, while in the case of GZ-LES isolate after 3 weeks cultivation at a lower temperature (average 19.0°C). After 7 days, ZON was biosynthesized on YESA Zn by the D2 isolate at higher temperatures (average 24.9°C), and by GZ-LES at lower temperatures (average 19.0°C), respectively. The best results were achieved on YESA where both isolates of F. graminearum produced ZON after the 7-day cultivation regardless of the temperature conditions. A prolonged cultivation of fungi resulted in higher ZON yields. After the incubation period, a decrease of pH value was determined in both tested liquid media ( Table 2) .
Investigations of the DON and ZON production in liquid media (YES and YES Zn ) revealed that the control isolate GZ-LES F. graminearum did not biosynthesize any of the tested fusariotoxins after 28 days of cultivation at room temperature (15-23°C). The explanation for this finding is that the applied temperature was maybe too high for the ZON production, but, on the other hand, too low for the DON biosynthesis under stationary cultivation conditions.
In the case of D2 isolate, it was not surprising that it did not produce DON (Table 2) , because it also was not a producer of the same fusariotoxin on agar media of the same composition (Table 1 ). The ZON biosynthesis by the same culture was recorded after 14 days of cultivation in both tested liquid media (YES and YES Zn ) at lower room temperatures (17-19°C). The maximal yield of ZON (1.5 mg/l) was observed after 21 day cultivation in both applied liquid media ( Table 2 ). The supplementation of the trace element Zn to YES (0.23 mg/l ZnSO 4 x 5 H 2 O) resulted in a more outstanding decrease of the initial pH 6.5 to the final pH 4.6, as well as, in higher ZON yields after 14 (1.50 mg/l in comparison to 1.20 mg/l) and 28 days of cultivation (1.20 mg/l in comparison to 0.90 mg/l).
The use of different liquid media for testing the toxin production by isolates of F. graminearum is reported also by other authors (M i l l e r and G r e e nh a l g h, 1985; P e s t k a et al., 1985). P e s t k a et al. (1985) obtained 5.50 mg/l of DON after 20 days by the use of the glucose-yeast extract-peptone nutrient medium for cultivation of the strain R6576.
The results of fusariotoxin yields and dynamics of biosynthesis by isolates of F. graminearum cultivated on natural solid substrates (Table 3 . and 4) show significant differences regarding the temperature conditions and the type of substrate. DON production was observed only in the GZ-LES isolate, regardless of the applied temperature and on both types of cereal substrate (Tables 3. and  4) . Much higher quantity of this type B trichothecene was detected after 28 days of cultivation on rice grain at 27±1°C (400.0 mg/kg) than on maize kernels (2.02 mg/kg). Biosynthesis of the maximum DON quantities on maize kernels was detected after cultivation for two weeks at room temperature (17-19°C), and four weeks at 27±1°C, 1.44 mg/kg and 2.02 mg/kg, respectively (Table 3) . On rice kernels maximal yield of DON (645.6 mg/kg) was achieved after three weeks of cultivation at 27±1°C (Table 4) . Other authors also established that a higher incubation temperature (28°C) favored the DON production (G r e e n h a l g h et al., 1983; L i o r e n s et al., 2004).
After 28 days of cultivation at room temperature the D2 isolate of F. graminearum produced more ZON on rice grain, then on corn kernels (Tables 3.  and 4) . During the cultivation on maize kernels, the yield of this estrogenic substance succesively increased from initial 0.74 mg/kg (after 7 days) to final 1.84 mg/kg (after 28 days) (Table 3) .
In contrast to the D2 isolate the GZ-LES isolate of F. graminearum biosynthesis of ZON was detected after longer cultivation (14 days) on maize kernels at room temperature (17-19°C) and its yield did not change during further cultivation; it was constantly 0.37 mg/kg. During cultivation at higher temperature (27±1°C), isolate GZ-LES did not produce ZON at all on the same substrate (Table 3) , while on rice grains the biosynthesis of the same mycotoxin (1.26 mg/kg) was detected after three weeks (Table 4 ). The ZON yield increased during cultivation period at 27±1°C (Table 4 ). The highest quantities of ZON that can be obtained at lower temperatures, such as 19.5°C or room temperature ranging from 17 to 21°C, are indicated by other authors too (G r e e n h a l g h et al., 1983; L o r i et. al., 1990) .
CONCLUSIONS
The temperature and nutrient media affected significantly the mycotoxin production, although the tested isolates (D2 and GZ-LES) responded differently to the same cultivation conditions.
The best medium for screening ZON, regardless of the temperature conditions, was YESA, and for DON screening it was PPSA Zn and higher temperatures (about 25°C).
In liquid media (YES and YES Zn ) at room temperature (17-19°C) only the ZON biosynthesis occurred by F. graminearum D2 isolate.
Higher incubation temperatures (27±1°C) favored the DON production on wet cereal kernels, while lower temperatures (17 to 21°C) favored the ZON biosynthesis.
The isolate F. graminearum GZ-LES evidently belongs to the DON chemotype contrary to D2, because the last one did not possess the capability to biosynthesize DON. 
